Motivation 


Programmin 


David R. Larsen! 


'KVOS 
Columbia, Missouri, USA 
OpenHPSDR Development Group 
openhpsdr.org 


Digital Communication Conference, 2017 
St Louis, Missouri 


Motivation 


@ Professor of Forestry. 

@ Work on Forest Dynamics. 

@ Growth Modeling. 

@ Statistical Analysis. 

@ Code development for Forestry applications. 
@ Unix, Linux programmer. 
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Motivation 


First licensed in 1975. 

Live happened! 

Relicensed in 2004. 

First Dayton Hamvention, 2007. 
First DCC, Chicago, 2008. 
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Motivation 


e@ Scotty asked me to take it on in 2008. 


e Also started and attend the Friday night ooe¢nHPSDR 
teamspeak sessions. 


@ Role in organizing the repositories. 
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Motivation 
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High Performance Software Defined Radio 
An Open Source Design 


HOME | DOWMLOADS DOCUMENTS | SUPPORT WIKI | DISCUSSIONLIST TEAMSPEAK RESOURCES | PROJECTOUTLINE | PUBLICATIONS | VIDEOS MANUFACTURER LINKS | DERIVANVE PROJECTS 


Dy Hesparrogram 


ARCHIVES 


; aL Status 
Project Description 
Note blaek ttles stove 
Introduction — What's It All About? rues Be 
The HPSDR is an open source (GNU type) hardware and sofware project intended as a "next generation’ Sat 


Darkcyan ties are 


Software Defined Radio (SDR) for use by Radio Amateurs (*hams") and Short Wave Listeners (SWLs). itis 


lopenHPSDR 


amid 7 being designed and developed by a group of SDA enthusiasts with representation from interested Gee 
experimenters worldwide 
Components Updates 
sa ‘The ftnle bein the pokc sto break the ove den up hip aruniberofnediées. Exch mockice «= rr 
HARDWARE ] Gesigned by an individual or group and connects to other modules using a pre-defined and common bus -- rather like plugging boards into a ‘order page is open. See 
PC motherboard tho TAPR page or dota 
PUA -BAcKPLAne Mc ovr betro 2y 25 


This modular approach enables prospective users to incorporate just the modules that interest them as weil as designing their own variants 
ing module. Sin rity of modules will 
be retained, such experimentation can be done with minimum disruption to an existing working system. 


ROCCO EXTENDER i desired. The approach also enables new ideas and circuits o be tested by replacing an ed 


h 28, 2012 Heimes 
interest ist is open, See 


Amu 1 SOUND thee TAPR page for devas 
The modules vary in complexity from simple bandpass fiters and inouvoutput interfaces, to full blown DSP functions. Such variety enables paola ahaa iar 
(OZY-USB WTERFACE experimenters with varying degrees of experience to comtibute ca aaiee 
macistes. use ‘Thus far, the modules have each been named for easier identification when taking or writing about them. On this website, each module has Meeacieor oe 
INTERFACE is own web page, as noted by the tab selections near the top of the page. Some of the modules are being designed so that they can be you log in) 
either used in conjunction with others or stand-alone. Each module board size (except the backplane) will be 100 mm. by 120 to 220 mm, 
Lares faces and use either a 96 pin or 64 pin DIN41612 type connector. Smarter 


Motivation 


@ Maintain the legacy of old work completed and not. 

@ Help people to find what they need to get started. 

@ Archive teamspeak, listserver, code, papers and videos. 
@ The Wiki. 
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Programming contributions 


@ First Boards. 
e Atlas back backplane 
e Janus sound interface 
e Ozymandias first board with 
@ Cyclone Il FPGA, 
e@ USB interface 
@ Loaded firmware from PC through the USB line 
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Programming contributions 


@ Penelope 
e Digital up converter(DUC) a 1/2-watt transmitter/exciter 
board, 
e@ Cyclone Il FPGA 
e@ Initially programmed with a USB Blaster, Quartus 
programmer, using JTAG or Flash memory. 


@ Mercury 


e@ A 0-65MHz Direct Sampling Receiver 

e@ Cyclone Ill FPGA 

e@ Initially programmed with a USB Blaster, Quartus 
programmer, JTAG or Flash memory. 
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Programming contributions 


First radio 
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Programming contributions 


@ Problems with USB2 
e Limited bandwidth. 
e USB Driver issues. 
@ Windows Centric 
@ General not open source 
@ No Volunteers to write drivers 
e@ USB3 a possibility but not widely in 2010 
e Ethernet as a alternative 
@ Very stable drivers in all OS platforms. 
@ Sufficient bandwidth. 
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Programming contributions 


@ Metis 
e Ethernet Interface module. 
e This required writing Basic TCPIP interface code in FPGA 
firmware. 
Introduction of the Bootloader Mode. 
Introduction of in Metis JTAG programmer. 
Introduction of simplified Programmer. 
Communication by raw PCAP or UDP protocols 
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Programming contributions 


e First Tool HPSDRBootloader by John, GOORX 
e Used PCAP 
e@ Written in C++ with Qt GUI 
@ Required Administrator login. 
e@ Required setting jumpers on board. 
@ Work flow was confusing to ocaisional users. 
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Programming contributions 


rograms 


@ In 2012, | started maintain and writing programmer code. 
@ Seperate functionality. 

e@ Use PCAP for recovery. 

e@ Use UDP for normal updates. 
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Programming contributions 


e@ HPSDRBootloader is a program for recovery from 
programming failure. 


@ HPSDRProgrammer is a program for normal updating. 
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Programming contributions 


Design Criteria 
Use PCAP protocol. (MAC Addressing) 
Require Adminstrator login on computer. 


.) 


Require jumpers being set on PCB board. 
Board Discovery uses bootloader firmware 
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Allow Metis to function as a JTAG programmer for 
Penelope and Mercury. 
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Programming contributions 


Metis 4 Hermes 
Jumper 1. Jumper 12 
‘ Angelia 

Jumper 17 


Penelope 
Pennylane 
Last JTAG Jumper 


Mercury 
Last JTAG Jumper 


Programming contributions 


HPSDRBootloade 


HPSDRBootloader (version 2.0.4.4) 2015-1-29 


File Tools Help 
ere 


Computer Interface 
Interface: enp0s20 


Computer IP Address: 192.168.1.10 
Board Bootloader 


Board MAC address: 00:04:A3:64:25:95 Board with Bootloader Found 


Board Programmer 


/home/dlarsen/Downloads/Hermes_v3.2.rbf 


Use Board as a JTAG Programmer 


interrogate 


Firmware RBF file 


Reading rbf file: /home/diarsen/Downloads/Hermes_v3.2.rbf 


Computer MAC: 00:1F:C6:7E:52:DE 


Test for Bootloader 


Browse 


Program 


Browse Program 
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Programming contributions 


Design Criteria 
e@ Use UDP protocol. (TCPIP Addressing) 
@ No jumpers being set on PCB board. 
e@ Board Discovery uses past Radio firmware 
@ Can only program boards with an ethernet connector 
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Programming contributions 


HPSDRProgrammer 


-y& % 
i 
/ Ne 
Metis /ethemet \ * Hermes | 
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rd \ 
f *% 
\ 
| Griffin ] Angelia | 
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Programming co 


HPSDRProgrammer 


HPSDRProgrammer V2 nopcap (version 2.0.4. 10) 2014-7-2 


File Tools Help 


IP ? 
Interface 
Computer interface enp0s20 
Computer IP address: 192.168,1.10 
Device 


00:04:A43:D3:b1:59 (192.168.1.59) Software version: 3.0 (metis) 


Programmer 
RBF file 


/home/dlarsen/Downloads/Metis_v3.0.rbf 
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MAC: 00:1F:C6:7E:52:DE 


NA Discover 


Browse 


Program 
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Programming contributions 


Maintainence issues 
@ Stable and working. 
@ Changes in the Code (Easy to fix) 


e@ Changes in installers (Easy if you use all the time, Hard if 
you use once every 3 years). 


@ Code detritus (Unused left over bits and pieces). 
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Clean start 


Why start over? 
@ This is my hobby! | want to learn something new. 
e@ Learning a new computer language. 
e@ Want to clean up the structure and process. 
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Clean start 
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The Go Pragramming Language - Chromium 


TB theevolutionofee [5] The Go Programming x 


golang.org 


Dy Hesprerogramme: [} flag [} Javascriptimpleme 


The Go Programming Language 


Uf You can edit this code! 
7/ Click here and start typing. 
package main 


import "fmt" 


func main() { 
fmt.Printin("Hello, #4") 
? 


Folio, Work ¥ 
pun || Share | | Tour 


Andrew Gerrand - Go: a 
simple programming 
environment - Railsberry 
2013 


Go:a simple programming 
‘environment 


Go is an open source programming language 
that makes it easy to build simple, reliable, and 
efficient software 


& 


Download Go 
Binary distributions available for 
Linux, Mac OS X, Windows, and mare. 


Today the Go team is happy to announce the release of Go 
1.9. You can getit from the e. There are many 
changes to the language, standard library, runtime, and 
tooling. This post covers the mast significant visible ones. 
Most of the engineering effort put into this release went to 
Improvements of the runtime and tooling, which makes for a 
less exciting announcement, but nonetheless a great 
release. 


Clean start 


Go Language (golang.org) 
@ Has the flavor of C. 
e First developed at Google but has been open sourced 
@ Original Three designers. 


e Ken Thompson 
e@ Rob Pike 
e Robert Greismer 
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Clean start 


Ken Thompson 
@ Formerly Bell Labs. 
e@ Wrote the B programming language. 
@ Wrote Plan 9. 
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Clean start 


Rob Pike 
@ Formerly Bell Labs. 
e@ Author on The Practice of Programming and The Unix 
Programming Environment, and UNIX 
@ Author on Plan 9. 
e@ Author of UTF-8 
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Clean start 


Robert Greismer 
@ Formerly Bell Labs. 
e@ Wrote Sawsall 
@ Little C background 
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Clean start 


C. A. R. Hoare. 1978. Communcating Sequential Processes. 
Communications of the ACM. 21(8):666-677. 
@ The group was influenced by Hoare 


S. L. Graham, R. L. Rivest 
Editors 


Programming, 
Techniques 


Communicating 
Sequential Processes 
C.A.R. Hoare 


The Queen’s University 
Belfast, Northern Ireland 


aper suggests that input and output are basic 
primitives of programming and that parallel 
composition of communicating sequential processes is a 
fundamental program structuring method. When 
combined with a development of Dijkstr: 
command, these concepts are surprisingly versatile. 
Their use is illustrated by sample solutions of a variety 
of familiar programming exercises. 

Key Words and Phrases: programming, 
programming languages, programming primitives, 
program structures, parallel programming, concurrency, 
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grams, three basic constructs have received widespread 
recognition and use: A repetitive construct (¢.g. the while 
loop), an alternative construct (e.g. the conditional 
if.then..else), and normal sequential program composi- 
tion (often denoted by a semicolon). Less agreement has 
been reached about the design of other important pro- 
gram structures, and many suggestions have been made: 
Subroutines (Fortran), procedures (Algol 60 [15]), entries 
(PL/I), coroutines (uNtx [17]), classes (simuta 67 [5]), 
processes and monitors (Concurrent Pascal [2]), clusters 
(CLU [13]), forms (ALPHARD [19]), actors (Hewitt [1)) 

The traditional stored program digital computer has 
been designed primarily for deterministic execution of a 
single sequential program. Where the desire for greater 
speed has led to the introduction of parallelism, every 
attempt has been made to disguise this fact from the 
programmer, either by hardware itself (as in the multiple 
function units of the CDC 6600) or by the software (as 
in an 1/O control package, or a multiprogrammed op- 
erating system). However, developments of processor 
technology suggest that a multiprocessor machine, con- 
structed from a number of similar self-contained proc- 
essors (each with its own store), may become more 
powerful, capacious, reliable, and economical than a 
machine which is disguised as a monoprocessor. 

In order to use such a machine effectively on a single 
task, the component processors must be able to com- 


Clean start 


Feature of Go that | found helpful in this project. 
e@ Function testing. 


@ Cross platform compiling. Linux, Windows, MacOS, Arm, 
BSD. 


e@ Good packages for networking including PCAP, UDP, 
HTTP. 


@ Static binaries. 
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Clean start 


The disadvantages of Go 
e@ No GUI package, either Command line or HTTP 
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Clean start 


e@ Started the process before Protocol 2 was available for 
testing. 

@ So Started with Protocol 1 

@ Built and test each component functions. 

@ Use the command line interface. 
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Clean start 


First Programmer in Go 


dlarsen@dave-Radio ~/drlrsrc/gocode/src/oak snr_missourLedu/daveradia/eadio 
File Edit View Search Terminal Help 
ldlarsenedave-Radio ~/d igocode/sre nr.missouri.edu/daveradio/radio $ ./CndHPSDRProgramer -intertace-enp@s20 
Computer: (08: 1F:¢6:7e:52:de) 
0S: Linux (and64) 4 CPU(s) 
qpva: 192.168.1.18 
Mask: [255 255 255 0] 
Network: 192.168.1.0 
PVG 


HPSDR Board: (0:4: a3:d3:b1:59] 
Tpva: 192.168.1.59 
Port: 1024 
Type: Hetis 
Firmare: 3.9 
Status: not running 


Pc 192.168,1.19:1024 


dc L/src/gocode/sréfoak-an e adio/radio $ ll 
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Clean start 


ammer in Go 


e@ Started the process Protocol 2 building to the Protocol. 
@ Built and test each component functions. 
@ Use the command line interface. 


e@ Very few corrections to make the functions work once 
Protocol 2 was available. 
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Clean start 


Second Programmer in Go 


dlarsen@dave-Radio~/drlisreigocode/sre/aak snr missouri edu/daveradio/newradia 


File Edit View Search Terminal Help 


‘io/nowradio $ ./HPSDRProgrammer cmd -index-3 


2571628 


|dtarcenadave-Radio ~/di igocoda/sre nr.missouri.edu/dav 
2017/68/65 18:13:42 Computer: (60:1f:¢6:7e:52:de 

2017/68/05 05: Linux (amdé4) 4° CPUs) 

2017/68/65 Username: Dave Larsen (dlarsen) /home/dlarsen 
2017/68/05 Ipva: 192.168.1.10 

2017/68/65 TPV6: FeB0::6448:da62:1cb:9734 

2017/68/05 Discover: 192.168.1.10:@ > 255.255.255.255:1024 
2017/68/65 Received data: 66 bytes fron 192.168. 

2017/68/65 6 

2017/68/65 

2017/68/05 Board Typo: HERMES 

2017/68/65 HPSDR Board: (6:4:a3:64:25:95) 

|pe17/e8/05 Board Address: 102. 168.1.25:1024 

2017/68/65 Protocol: 2.9 

2017/68/05 Firmare: 16.9 

2017/68/65 Receivers: 2 

2017/88/65 Freq. Input: Phase word 

2017/68/65 10 data fornat: Big-Endian TO in 3 byte format 
2017/68/05 Status? not running 

ldlarsenadave-Radio ~/drl ocod iiemansocinie 
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Clean start 


@ At this point | have two fast and clean packages to program 
HPSDR boards. 


@ Shared these with others for testing. 


e@ Most users we uncomfortable withteh command line 
interface. 
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Clean start 


@ Go have the package to allow the creation of small local 
httpservers 


@ The next step is to make a HTTP interface for the 
packages. 


@ Program can be contained in a single executable file. 


e@ The server cannot be access outside of the excuting 
computer, unless you configure that access. 


David R. Larsen 


Clean start 


grammer 


@ In this process, | just had to work on the user interface. 

e@ The packages from could be resued without modification. 
@ In general the extra code is mostly html. 

@ | need a small it of javascript to improve user feedback. 
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Clean start 


Local Web Programmer 


dlarsen@dave-Radio~/drlisreigocode/sre/aak-sne missouri edu/daveradia/newradia 
File Edit View Search Terminal Help 


[dLarsenedave-Rad: 
2017/69/64 11:17:40, 


/ar/sre/gocoda/sre/oak.sn 
For a list of comands use 


ri-edu/daveradio/newradio © ,/HPSDRProgrammer web 
velp 


2017/69/64 11:17:40 BF directory /hone/dlarsen/Downloads/HPSDRfiles/ 
‘2017/69/64 11:17:40 Listening ... 


anqegnrnd 12:37 0 Pols: Youre hn 8 BES Z/ Uncen penB Fiat 
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Clean start 


HPSDRProgrammer Web- Chromium 


G kovertcriccemer-me- = [ Theevalutionorce —&)/ [ HesDAProgrammerw: x 


@ OJ O localhosta22! Q* 
apps [] HesDaProgrammer [} vlog [} Javascript impleme 


grammer 


Overview 


The HPSDRPragrammer is a tool to load >1.7 protocol firmware into HPSDR boards. This program performs the same function as the HPSDRProgrammer. It perform the following tasks, 
+ Discovery of the HP'SDR boards available 


+ Changing the HPSDR board to a fixed IPvd address within your subnet 
Erase and Program an REF fil to the HPSDR Board. 


(Select interface 


Clean start 


Programmer 


HPSDRProgrammer Web- Chromium 


G Robert Griesemer-me= Tp Hespaeregrammer ws x 


€ > S OJ bocabhost: 


apps] HesDaPragramma! 


[i thetveluionotce x 


Dy vlog [Javascript impleme 


Network Interfaces 


Please select the interface to perform a Discovery 


Index:(Network) (MAC) (PV4) (IPV6) 
Lo 9 (127.0.0.1) (:1) 
2:enpasT (00:60:97-98:72:c2) () 
S:enpOs20 (00:fc6:7e:52-de) (192.168.1.10) (fe80:-64d8:da02-Lch:873d) 
Sidockero (02: 42:86:87 5d:6b) (172.17.0.1) 0 


Selected Network interface 


Clean start 


€ > E J bocalhost:a228/board/2index= 


apps [] HesDaProgrammer [} vlog [Javascript impleme 


Computer 


Computer:(00:2 
oslinux (andéa) 4 
User:Dave Larsen (dlarsen) homeldlarsen 
1Pv4:192.168.1.10 
IPV6:fe80::6448:ca02:1cb:9734 


Radios 
Please select from these available Radios. 
HERMES: (0:4:03'64:25'95) (182,108.1.25 1024) 


Selected Network interface:3: enpos20 (00:1f:06:7e'52:de) 


Select HPSDR Board 


Inone none i} Select ] 


HPSDRProgrammer Web- Chromium 
G@ kovertcriccemer-me= = [} Theevaluionorce —&) [) HesDaProgrammer wx 


Clean start 


HPSDRProgrammer Web- Chromium 
G kovertcriecemer-me= = [} Theevalutionorce —&) [) HesDAProgrammerw: x 


@ @ | O locathost:s228/board 6 5 


apps [] HesDaProgramme: [} vlog [Javascript impleme 


Computer 


Computer: (00:21:06:7e'52:de) 

‘S:linux (amdé4) 4 CPU(S) 
User-Dave Larsen (dlarsen) Ihomeldlarsen 
IPV4:192.168,1.10 
IPV6:fe80::6448:da02:1¢b:97: 


Radios 


Please select from these available Radios 
HERMES: (0:4:09:64:25:95) (192.168.1.25'1024) 
Selected Network interface:3: enposz0 (00:1f:06:7e'52:de) 


(HERMES (0:4:23:64:25:95) +) 


select HPSDR Board 
Board: HERMES 


cae) 


Board Mac:0:4:23:64:25:95 


Firmware: 10.0 
Receivers:2 
Frequency Input: Phase_vord 
1Q data format: Big-Endian 1Q in 3 byte format 


Change IP___}[___Program Quit 


Clean start 


Programmer 


HPSDRProgrammer Web- Chromium 


G kovertcriccemer-me= = [ Theevalutionorce —&)/ [) HesDAProgrammer wx 


€ > S OJ localhost: 


apps [] HesDaPragramme: [} vlog [} Javascript impleme 


Program Interfaces 


Please select the interface to perform a Board Program 


Get the latest RBF file from the repository 


select a fle 


t_14_Aug.rot ) 


Upload ] 


Clean start 


Programmer 


HPSDRProgrammer Web- Chromium 


G kovertcriccemer-me= = [ Theevalutionorce —&) [} HesDaProgrammer wx 


€ > E O{ 0 bocalhosta221 
apps [] HesDaProgramme: [} vlog [} Javascript impleme 


Firmware File Information 


Found rf file:/homeldlarsen/DownloadsIHPSDRfiles/Hermes_16_bit_14_Aug.rbf 
Size rf file:954487 
Size rbf in memory:554495, 
Packets:2156 


Clean start 


HPSDRProgrammer Web- Chromium 


G wovertcriccemer-me= = [ Theevalutionorce —®)/ [) HesDaProgrammerw: x 


€ > E OI bocalhosta221 =8img=42F F D 2FHPSD Fi 4 at 
apps [] HesDaProgramme: [} vlog [Javascript impleme 


Erase flash memory: Erase 12.1 seconds 
Programming: Pending 


SC | Ta 


Clean start 


ogrammer 


dlarsen@dave-Radio~/drlisreigocode/sre/aak-sne missouri edu/daveradia/newradia 


File Edit View Search Terminal Help 


'2017/¢9/04 11:28:63, HERMES: (9:4:23:64:25:05) (102. 168.1.25:1024) 
2017/69/04 11:28:69 Served Radio Select page 

‘2017/69/64 11:28:69 Computer: (G0: 1t:c6:70:52:de) 

2017/69/64 11:28:69, 05: Linux (amd64) 4 CPUCS) 

2017/69/64 11:28:69 Username: Dave Larsen (dlarsen) /home/dlarsen 
2017/69/04 11:28:69, Name: enpas7a 

'2017/e9/64 11:28:69 MAC? 8G! 1: c6:7e:52:de 

2017/69/64 11:28:69, TPVa: 197.168.1.10 

2017/89/64 11:28:69 IPVe: TeBO: :6448:da62:1cb:9734 


2017/69/04 11:28:69 Discovery Call: http: //Localhost:6228/discaver/json/?inde 
'2017/69/@4 11:28:69 Served Discovery json. 

2017/69/64 11:28:69 No Match %!s(int6d=3) () 0) 

2017/80/04 11:28:89 No Match %!s(inted=3) 0 

2017/89/04 11:28:69 Match %!s(int64=3) _enpBs?8 enpds20 

2017/69/G4 11:28:69 No Match %!s(int64~3) (enpes2@) (enpOs20) 

2017/69/64 11:28:69 adr 192.168.1.16:1624 _beadr_ 255.255.255.255: 1024 
2017/69/64 11:28:69 Discover: 192.163.1.10:1024 -> 255.255.255.255:1024 

2017/69/64 11:28:69, Received data: 66 bytes fron 192.168.1.25:1624 

'2017/¢9/e4 11:28:69 @ 

'2017/69/64 11:28:69 []newopenhpsdr.Intface{newonenhpsdr.Intface{Intnane:"1o", Natchname:"lo", Tndex:1, MAC:"", Tpvé:"127.0.0 
1", Ipve:"2:1", IpyaBcast:"255.255.255 .255"}, mewopenhpsdr. int face{intnane: * -chname: 7", Index:2, MAC: "00:6 
(0:97:98:72:c2", Ipv4:"", Ipvo:"", Ipvaicast:"*}, newopenhpsdr.Intface{Intnane:"enp0s20", Matchnane:*enp0s20", Index:3, 
lod:if:c5:7e:52!de", Ipyd:192.168.1.18", Ipve: "Fess: :6448"ds02:1cb:973d", IpvaBesst:*255.255.255.255"}, mewopenhpsdr-intface 
{Intname:"dockerd", Matchname:"dockerd", Index:5, MAC:*02:42:B6:67:5d:6b", Ipv4:"172.17.0.1", Ipv6:"", IpvaBcast:"255.255.25 
5.255°}} 

2017/69/04 11:28:69 Reply Head 
:28:69 curl] 


nap[Content-Length: [396] Content-Type: | text/plain; charset-utf-8] Date:[Mon, 64 Sep 2017 1 


[2017/69/04 11:28:69 Reply Body: &{%Is(*http.bod 
Tint32=0) &15(uint32-0)) %!s(bool=false) <nil> %!s(funclerrar) error=0x6d0940) %!5(func() error=Ox 


false <nils}) {sts 


2017/69/64 11:28:09 HERMES: (0:4:23:64:25:95) (192.16B.1.25:1024) 
2017/69/64 11:28:69, 

2017/69/04 11:28:69, Board Type: HERMES 

2017/69/64 11:28:69 HPSDR Board: (6:4:a3:64:25:95) 

2017/69/64 11:28:09 Board Address: 192.160.1.25:1024 

2017/69/64 11:28:69, Protocol: 2.9 

2017/69/04 11:28:69 Firmare: 16.0 

2017/69/64 11:28:69, Receivers: 2 

2017/69/64 11:28:09 Freq. Input: Phase_word 

2017/69/64 11:28:69 19 data format: Big-Endian 19 in 3 byte 


2017/69/64 11:28:69 Status: not running 


David R. Larsen nNHPSDR \grammi 


@ openhpsdr.org has a large number of new and old projects. 
@ Projects are both harware and software. 


@ Many people ask for changes. The bottle neck is the 
number of people to work on each item. 


@ Join us, Have fun making your favorite feature or part. 


@ Outlook 


e@ The HPSDR project is over 12 years old at this point. 
e | beleive that together we have made an impact on Amateur 
Radio. 
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http://opbenHPSDR.org 


> i 
http://openHPSDR.org/beta/ 
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